Objectives: Endovascular abdominal aortic aneurysm repair (EVAR) is a common procedure for abdominal aortic aneurysm (AAA), based on minimal invasiveness compared with open surgical repair (OSR). However, general anesthesia can cause considerable perturbations in patients with AAA undergoing operative repair. The aim of this study was to compare the incidence of myocardial ischemic events in association with hemodynamic changes during EVAR and OSR under general anesthesia. Methods: We retrospectively reviewed the anesthetic and medical records of patients who underwent elective abdominal aortic aneurysm repair. ST segment changes on electrocardiography and hemodynamic changes were reviewed by the attending physicians. Results: Among 120 patients, EVAR and OSR were performed in 81 and 39 patients, respectively. There were no significant differences in preoperative morbidity between the two groups. The amount of estimated blood loss was significantly lower in EVAR than OSR. The incidence of ST-segment changes in the two groups (EVAR: 16%, OSR: 23%) was not statistically different. ST segment changes occurred mainly postoperatively at resolution of anesthesia in EVAR, compared with intraoperatively in OSR. ST segment changes were mostly accompanied by tachycardia in EVAR patients, whereas they were associated with hypotension in OSR. Conclusion: Our results demonstrated a comparable incidence of perioperative ST segment changes under general anesthesia in EVAR and OSR. Patients who undergo EVAR and develop tachycardia are at risk of myocardial ischemia at resolution of anesthesia.
Introduction
Repair of abdominal aortic aneurysm (AAA) is a highrisk surgery. Patients with AAA also have high risk factors including hypercholesterolemia, hypertension, ischemic heart disease, renal insufficiency and cerebrovascular disease [1] .
Open surgical repair (OSR) was a common procedure for AAA until the introduction of endovascular repair (EVAR) in the early 1990s. Since then, EVAR has become an alternative popular technique for AAA. EVAR is considered to be less invasive and better tolerated by the cardiovascular system than OSR [1] [2] [3] [4] [5] [6] [7] [8] . The perioperative mortality and cardiac complications in EVAR are fewer than in OSR [1] [2] [3] [4] , while long-term cardiovascular mortality appears to be similar between the two procedures [2, [5] [6] [7] [8] [9] . Perioperative asymptomatic cardiac damage after EVAR is associated with poor long-term outcome [10] .
Since perioperative cardiac complications can occur after both operative and anesthetic techniques, patients who undergo EVAR may be at considerably high perioperative cardiovascular risk, such as perturbation of hemodynamics and fluid imbalance, under general anesthesia. Especially, general anesthesia could be associated with adverse cardiac outcome after EVAR compared with regional local anesthesia [11] . In this study, we compared the incidence of myocardial ischemia during EVAR and OSR performed under general anesthesia. We also investigated the hemodynamic factors associated with perioperative myocardial ischemic events in EVAR and OSR.
Methods
After approval by the institutional review board of Kyushu University Hospital (Fukuoka, Japan) and written informed consent, we reviewed the anesthetic and medical records of all patients who underwent elective AAA repair between March 1, 2009 and January 31, 2011 at Kyushu University Hospital.
All surgical procedures were performed by experienced vascular surgeons. The choice of the procedure was left to the discretion of the vascular surgeons and was mainly based on patient preference. Endovascular repair was carried out through the femoral route with available stents and protection devices.
Both EVAR and OSR were conducted under general anesthesia according to our institutional protocol. Anesthesia was induced with fentanyl (0.8 -2 µg/kg) and propofol (1 -4 mg/kg). After endotracheal intubation under muscle relaxation with vecuronium (0.1 mg/kg), anesthesia was maintained with continuous infusion of propofol (3 -4 mg/kg/hr) or sevoflurane (1% -2%), and remifentanil (0.1 -0.5 µg/kg/hr). Epidural anesthesia with 0.2% rocuronium (5 ml/hr) was used for OSR when possible as a tool for post-operative pain management.
Patients were continuously monitored with a 5-lead digital ECG recorder (BSS-9800; Nihon Kohden Co., Tokyo, Japan) in the operation room, starting before induction of anesthesia until leaving the room after recovery from anesthesia. Episodes of ischemia were defined as reversible ST-segment changes lasting >1 minute and shift from baseline to >0.1 mV (1 mm). The baseline ST-segment level was defined as the average ST segment during a stable period preceding each ischemic episode. The detected ischemic changes were retrospectively reviewed and evaluated by two independent physicians.
Continuous data were expressed as mean ± SD or mean values and ranges. Data were analyzed using Student's t-test or Mann-Whitney test. Categorical data were analyzed using the chi-square test. A P value < 0.05 was considered statistically significant. Statistical analyses were computed with JMP7 (SAS Institute Inc., Cary, NC).
Results
During the study period, EVAR was performed in 81 patients and OSR in 39 patients. The patient characteristics are listed in Table 1 . There were no significant differences in preoperative morbidity and cardiovascular medications between the two groups. Table 2 lists intraoperative data of the two groups. The duration of operation, the amount of blood loss and fluid infusion were significantly less in EVAR than in OSR. The frequency of perioperative hypotension (systolic blood pressure <70 mmHg) was significantly higher in OSR than EVAR. ST-segment changes were detected in 13 (16%) patients of the EVAR group and 9 (23%) patients of the OSR group (P = NS) ( Table 3) . In EVAR, ST-segment changes occurred before or after operation in 10 of the 13 patients. The ST-segment changes in 8 of 13 patients occurred especially after operation while arousing from anesthesia (p = 0.04 for OSR vs. EVAR). By contrast, all ST-segment changes occurred during surgical procedure in OSR (p = 0.01 for OSR vs. EVAR). The ST-segment changes in EVAR were accompanied with tachycardia (p = 0.01 for OSR vs. EVAR) (Figure 1) , whereas those in OSR were associated with hypotension (p = 0.03 for OSR vs. EVAR).
Patients were discharged on average at postoperative day 9 in EVAR and day 18 in OSR (p = 0.01, Table 4 ). The all-cause mortality and incidence of postoperative complications were 5% (4 patients) and 20% (7 patients), respectively. One patient of the EVAR group developed paraplegia, 3 patients of the OSR group developed postoperative aspiration pneumonia, and 4 of the OSR group had gastrointestinal complications, such as bleeding from gastric ulcer and ischemic enteritis ( Table 4) .
Three patients who underwent EVAR required re-operations because of end-graft leakage. During the followup, 2 patients of the EVAR group died of cerebellar hemorrhage and heart disease, and one patient of the OSR group died of ischemic colitis. Two patients of the EVAR group and 1 of the OSR group suffered brain hemorrhage ( Table 5) . 
Discussion
The reported incidence of myocardial ischemia during elective OSR is as high as 20% -40% [6, 12] and it has been demonstrated to be a strong predictor of subsequent clinical cardiovascular events [12, 13] . The incidence of ischemic ST-changes in the present study of 23.1% in patients undergoing OSR is consistent with those of previous reports. On the other hand, our study also showed that the incidence of myocardial ischemic events during EVAR were comparable to those during OSR (15.7% vs. 23.1%). These findings are inconsistent with the study of Feringa et al. [2] . They showed a significantly lower incidence of perioperative myocardial ischemia during EVAR (10.2%) compared with OSR (43.7%), although the long-term mortality rate and cardiac events were not significantly different. The lower incidence of perioperative myocardial ischemia was considered by these investigators to be due to the less invasive procedure in EVAR than OSR. Factors associated with perioperative myocardial ischemic events include operative and anesthetic stress, which can cause hemodynamic perturbations and myocardial oxygen supply and demand imbalance. Feringa et al. [2] reported significantly longer duration of operation and larger total fluid infusion for OSR than EVAR. They also showed that the heart rate during and after operation was significantly higher in OSR compared with EVAR (68 and 74 beats/min during operation and 72 and 81 beats/min after operation in OSR and EVAR, respectively). They concluded that the higher heart rate in OSR is likely the result of increased surgical stress and sympathetic tone. However, EVAR was performed under regional anesthesia whereas OSR was performed under general anesthesia in their study [2] . Therefore, the lower incidence of myocardial ischemia in EVAR in their study may be due to not only to less surgical stress of EVAR but also less anesthetic stress in EVAR compared with OSR.
As far as anesthetic methods are concerned, various techniques have been applied in EVAR, including general anesthesia, epidural and spinal anesthesia, and local anesthesia, with or without monitored anesthesia care [2, [14] [15] [16] . The choice of the anesthetic technique is based mainly on the preference of the surgeons and anesthetists. Various outcome results are reported with respect to the anesthetic technique for EVAR [17] [18] [19] [20] . The reasons for the variable results may be related to biases in the selected anesthetic technique as well as patient-specific factors such as anatomy, medical risk, available resources, and procedural complexity. Previous studies using multivariate analysis showed that locoregional anesthetic techniques are associated with low rates of cardiac complications [18, 19] , especially those used for EVAR [19, 20] . Recent report also clearly shows that general anesthesia is associated with adverse cardiac outcome after EVAR compared with regional anesthesia [11] .
In our hospital, general anesthesia is routinely selected for EVAR and OSR, in order to reduce anxiety of AAA patients, to avoid unintentional movement, and to apply prompt treatment for any cardiac and pulmonary complications. Our results showed that EVAR under general anesthesia is associated with similar perioperative cardiac risks compared with OSR for AAA patients. It is noteworthy that the timing and causes of ST segment changes on the ECG were different between EVAR and OSR. Generally, most of myocardial ischemia has been reported to occur intra-operatively or during the post-operative period in association with hemodynamic changes such as tachycardia, hypertension or hypotension in patients with AAA repair [21] [22] [23] . In our study, ST segment changes occurred most frequently soon after operation at arousal from anesthesia in EVAR in association with tachycardia, while such changes occurred during operation in OSR in association with hypotension.
Intraoperative heart rate was well controlled by the use of remifentanil and supplemental sevoflurane anesthesia during EVAR. However, at resolution of anesthesia, acute withdrawal of remifentanil, insufficient pain control, and shivering or non-shivering thermogenesis may cause an increase in sympathetic activity resulting in tachycardia in EVAR. On the other hand, hypotension caused by hemorrhage or aortic unclamping may be the cause of ischemic events in OSR. The lack of ST segment changes at resolution of anesthesia in OSR might be related to the use of thoracic epidural anesthesia. Epidural anesthesia can reduce postoperative stress and myocardial oxygen demand [24] [25] [26] .
The major limitation of this study is that troponin T was not measured in association with ST segment changes. Therefore, ischemic ST segment changes identified in our study could not be diagnosed directly with substantial myocardial ischemia. Another limitation is that the operative procedures were not randomly assigned to the patients. Although the baseline clinical characteristics including ASA status, aneurismal size and co-morbidity were comparable between the EVAR and OSR groups ( Table 1) , our medical team might have inadvertently selected EVAR rather than OSR for severely compromised patients. Therefore, it is possible that tolerance to anesthesia was different between the two groups.
In conclusion, our results suggest that EVAR performed under general anesthesia is not associated with a lower incidence of ST segment changes compared with OSR. EVAR remains to be associated with a similar risk for myocardial ischemia, therefore meticulous cardiac examination and anesthetic care should be exercised when this procedure is selected, similar to OSR.
